In developed countries, the automation and intelligent development of vehicles has reached a relatively high level and has gradually developed in China. In recent years, algorithms for lane detection have emerged in an endless stream, but the advantages and disadvantages of comprehensive comparison of various algorithms have resulted in the following problems: First, the robustness of lane line detection is poor, mainly due to the surrounding environment of the road. The impact is greater, in traffic-intensive city streets, affected by natural factors such as trees or building shadows around the driveway; second, the real-time nature of the lane line detection is poor, affected by other marking lines on the driveway, or damaged in the lane. When the pollution is serious, the image of the lane line collected by the system is incomplete and of poor quality, which increases the difficulty of analyzing and processing data of the detection system. This article aims at the problems existing in the current lane line detection and determines the research focus of the article: (1) Improve the accuracy and real-time performance of the detection algorithm. Most of the factors affecting the detection of the lane line are generated before the image is acquired. This requires the strict pre-processing of the collected lane line image to remove a large amount of interference. After the information, not only can the detection result be more accurate but also the complexity of the algorithm be simplified, making the detection result accurate and effective. (2) Use the FPGA for verification. This paper simulates the detection algorithm from two aspects of MATLAB and FPGA, learns the working mode of the related chip and different interface protocols, optimizes the logic design through the hardware design language, and facilitates the hardware implementation of the algorithm. This method can effectively improve the image processing speed, save the logic resources, and better realize the lane recognition function. (3) Improve the existing lane line detection algorithm. There are many algorithms for lane detection, but each algorithm has its own advantages and disadvantages. Part of this article summarizes the advantages and disadvantages of these detection algorithms, analyzes their feasibility in actual detection, and improves the algorithm based on this.
Introduction
The automotive industry is one of the largest and most important industries in the world. According to statistics from China Association of Automobile Manufacturers in 2016, the total number of automobile production and sales in China was 28.119 million vehicles and 28.058 million vehicles, a record high [1] .
With the constant popularity of automobiles and the continuous improvement of people's living standards, almost every family owns one or more cars, providing people with a comfortable and convenient travel life. Although entering the twenty-first century, the post-modern transportation system has been very developed, but it is still not in direct proportion to the increasing traffic environment demand of people. The rapid development of the automotive industry has also brought with it environmental pollution, energy shortages, traffic jams, and traffic safety issues, among which traffic safety issues are particularly acute and thorny and have developed into a major global problem [2] .
In China, the number of casualties caused by road traffic safety exceeds 200,000 each year, and the total number of traffic accidents handled is approximately 4.7 million people [3] . Research shows that the number of casualties and property losses caused by traffic accidents will continue to increase substantially in the coming years, and the losses caused by road traffic will become one of the three major factors leading to global disease and injury in 2020 [4] . The causes of comprehensive traffic accidents mainly include four aspects: the car's own performance, drivers, roads, and environment. Among these four aspects, the driver's personality, fatigue driving, and drunk driving are the most common causes of accidents. When the car is in motion, the driver dominates, and the driver's driving operation directly determines the stability and safety of the vehicle during driving.
According to the statistics of traffic accidents, the human factor accounted for 95% of all the factors that caused the accident, and the accident rate caused by the driver's misoperation was as high as 73%. This further indicates that the driver's misoperation is a traffic accident and the main factor that occurs [5] .
Faced with such severe traffic safety problems, the development of vehicle safety technology has become an important research topic in order to reduce the number of people injured or killed in car accidents.
The current advanced car safety technology is mainly through computer, automatic control, and information fusion methods to improve the driver's driving safety factor, making the car more intelligent in the driving process. As a result, research on intelligent transportation systems began to develop. Based on the intelligent perception of the vehicle's driving environment, when the driver operates improperly, the system will automatically warn the driver through voice and other forms to correct the current erroneous driving operation. The system will also automatically replace the driver's control of the vehicle in special circumstances such as the driver's sleep or poor mental status, thereby avoiding traffic accidents.
Smart cars occupy the leading position in the intelligent transportation system. It not only includes the function of sensing environment and decision-making planning but also completes multi-level assisted driving functions. It is a brand new comprehensive high-tech system [6, 7] . Relying on its own sensors, smart cars can fully perceive the surrounding environmental information, which is a prerequisite for other functions.
However, there are no two identical roads in the world. This is because there are too many influencing factors on the road conditions. When natural and non-natural factors change, it is easy for drivers to make wrong driving judgments on specific road condition information which leads to traffic accident. If the vehicle can be judged incorrectly by the driver at this time, the correct judgment of the road conditions and timely warning to guide the driver's wrong operation will be able to effectively avoid the occurrence of traffic accidents. At this time, the smart car system is required to accurately judge the road conditions and feedback correct driving information to the driver [8] . Unmanned vehicles have already begun trial operation on a global scale. How to detect and identify road signs, obstacles, and pedestrians in an unknown environment in an accurate and real-time manner is the focus of the current research on unmanned vehicles [9] .
To sum up, the in-depth study of lane detection and recognition technology has important application value and practical significance.
Difficulty and insufficiency of lane detection
Real-time and robustness are the purpose of lane detection. When the vehicle is driving at a certain speed, the road image collected must be processed in time to ensure the normal driving of the vehicle. The entire lane line detection system not only needs to adapt to the complicated and changeable road environment but also adapts to the influence of some force majeure factors. The specific conditions are summarized as follows: Unclear detection and multi-peak detection problems are the biggest problems faced by traditional Hough transforms and are severely affected by noise. After the Hough transform is improved, the robustness and adaptability of the detection result are enhanced. In order to overcome the weather changes and the camera lens is not clean, this paper uses the two-dimensional median filtering method to process the original image.
In the edge detection stage, the Kirsch algorithm has obvious superiority, and this paper upgrades on the basis of the original classical algorithm, which makes the image processing speed more than twice the original, expands the scope of use, and improves the detection and identification of lane lines. Speed, and while speeding up, does not affect the detection of lane lines.
Demand analysis of lane detection and identification
The detection and identification of the lane line is to realize the intelligence and automation of the modern transportation system. It has a good application in the fields of advanced parking assistance, lane keeping assistance, off-road warning, and lane change assistance.
Demand analysis is a necessary step in system design. It can not only understand the operating mechanism of the system before design but also adjust the design structure in time for the demand. For the lane line identification, the ultimate goal is to accurately and efficiently identify the lane line. For this purpose, do the following needs analysis:
The purpose of intelligent transportation system design is to reduce the rate of urban traffic accidents, so accuracy is the primary requirement of system design. If there is an error or deviation in the detection of the lane line, it may cause the vehicle to head in the wrong direction, which is not conducive to its own driving safety and brings greater safety risks to road safety.
(2) High efficiency
When the vehicle is driving on the road, it must not only be able to accurately follow the direction of the lane line but also be able to maintain a certain speed. This requires both the detection accuracy and the detection in the lane line identification process efficiently and in real-time.
(3) Memory
In the intelligent public transport system, in addition to the vehicle that can detect the lane line image in real time, it also has a good memory function, which can effectively store and manage the recorded data information and facilitate investigation and evidence collection after a traffic accident.
(4) Simple design structure
The system design is mainly used in vehicles, and the occupied space should be as small as possible. You can make full use of 5G communication real-time connection without affecting other functions of the vehicle.
(5) Fully automated
The system is designed to allow the driver to alert and correct the driver's driving errors in an unconscious situation, so it is necessary to be able to fully automate the system during operation.
The proposed method-lane line detection and identification
The lane detection and recognition process consists of the following components: image acquisition, image preprocessing, image segmentation, edge detection, feature extraction, feature point identification, and lane line recognition, as shown in Fig. 1 .
Road image acquisition and pretreatment
In the lane line detection process, the image processed by the system is mainly captured by the car's camera. The pictures used in this article are mainly shot on a Canon EOS 100D DSLR camera. In the smart car identification and navigation system based on image processing, due to the interference of external factors in the actual road conditions, such as the influence of optical fiber, weather, roads, and the surrounding environment, the images collected by the smart car camera include spots, pits, etc. The interference factors and the decline of image quality will directly affect the detection and recognition of the target information lane line [10] . Therefore, it is necessary to preprocess the collected images, reduce the useless interference information and enhance the target information, simplify the image processing algorithm, and improve the detection and recognition accuracy of lane lines.
The image of the lane line is taken from the real scene shooting. The speed of the vehicle traveling on the road is relatively fast. When shooting the lane line image, it can only be shot on the zebra crossing when the red light is on. For safety reasons, consider turning left and right. The vehicle needs to be fast and accurate when shooting. This camera is also chosen to achieve better focus in a short time, improve focus speed, and ensure image quality.
Due to the influence of actual road conditions and other external disturbance factors, the images collected by the smart car camera contain various interference factors such as spots and pits, and the degradation of image quality will directly affect the detection and recognition of the target information lane line. Therefore, image preprocessing is a necessary step before analyzing and judging image information.
The purpose of image preprocessing is to remove the noise in the image, save the useful road surface information reasonably, minimize the useless information in the road surface information, and strengthen the target information, thereby simplifying the algorithm complexity of image processing.
The image preprocessing part of this paper mainly includes road image graying, median filter method noise reduction, and image edge enhancement. Image graying reduces the amount of color information in the image and simplifies the complexity of the algorithm; two-dimensional wavelet packet decomposition technology can adaptively select the frequency band and improve the resolution of the frequency band; and image enhancement highlights the characteristics of the region of interest and can enhance the grayscale of the image. In contrast, lane line information strengthens.
The image captured by the smart car camera is a color image containing a lot of extraneous information. Because the grayscale image contains less information, the lane line detection algorithm usually directly processes the grayscale image to speed up the processing speed of the later detection algorithm. In the RGB color space, the color of the image is different according to the three primary colors and proportional mixing results [11] . To convert an RGB color image to a grayscale image, the luminance value is quantized. There are generally four methods for graying a color image: the average method, the component method, the maximum method, and the weighted average method. The weighted average method is selected here for graying. Equation (1) shows the transformation relationship, and the processed lane line effect diagram is shown in Fig. 2 .
Salt and pepper noise is the most common and main source of noise in lane line images. It is generally characterized by black-white impulse noise points, which tends to blur the road image and flood the feature information, which brings great difficulties to subsequent processing. Therefore, it is necessary to filter out noise to improve image quality. The principle of image filtering processing is to preserve the original useful information in the image while removing the noise. After comparing various filtering methods, it is found that the median filtering has the best filtering effect on the salt and pepper noise, which can overcome the edge blurring phenomenon and can be better, preserve original image contour information, and has good real-time performance. [12, 13] . After image edge enhancement, detection and recognition of subsequent lane lines are made more accurate. The comparison of different enhancement methods shows that the Laplacian-based image enhancement method can not only enhance the high-frequency components of the image but also preserve the low-frequency components of the image, which is an effective method for image edge enhancement [14] .
Lane line edge detection
There are many types of road traffic signs in China. The regulations of the People's Republic of China Traffic Road Marking Line clearly define the color and shape characteristics of China's traffic signs. In terms of color, there are two kinds of pure white and pure yellow. The pure white marking line is divided into white solid line and white dashed line to distinguish different lanes in the same direction. The pure yellow marking line is further divided into double yellow line, single yellow line, yellow solid line, yellow dotted line, etc., which are used to distinguish different directions of the lane; in terms of shape, for the lane line, it is mainly divided into solid line, dotted line, and straight line and so as for the curve two.
In the process of actually detecting the lane line, it will be affected by other traffic signs, light, and color fading of the road. However, according to the actual image collected, the color difference between the lane line and the road surface is still obvious, as shown in Fig. 3 . Therefore, the color can be used as one of the feature information for detecting the lane line.
The edge of the image is the singularity and mutation point of the grayscale function of the image, that is, the area of the image where the grayscale information changes drastically. Along the pixels at the edges of the image, the gray value changes slowly, and the pixels that are perpendicular to the edge direction have drastically changed gray values. The nighttime road surface image is affected by uneven illumination, so it is not suitable to use a special threshold segmentation algorithm to obtain binary images. The edge detection algorithm can obtain binary images without using a special threshold segmentation algorithm. The edge of the object is the region where the local brightness of the image changes significantly. The identification and extraction of the image edge is very important for the recognition and understanding of the entire image scene. It is also an important feature that the image segmentation depends on. The commonly used edge detection operator is the Sobel operator, LOG operator, Kirsch operator, Canny operator, etc. [14] . Various algorithms have advantages and disadvantages for different occasions. The purpose of this paper is to explore an algorithm that can detect Combined with the principle of each detection algorithm, a comparative analysis is performed using the curve image as an example and Matlab simulation is performed. The result chart is shown in Fig. 3 .
Through the comparison of the above groups of inspection charts, it is not difficult to find that the Kirsch detection operator has obvious advantages, the most abundant information extraction, and the best detection results. However, the Kirsch algorithm itself also has its own deficiencies, such as large amount of computation, real-time, and poor validity. For these problems, this paper will improve and upgrade the algorithm in the next section and use this algorithm to detect edge information in the entire system.
Lane line feature point recognition
Based on the road model recognition method, the straight line model is the simplest one. This paper mainly introduces the Hough transform to detect straight lines.
The Hough transform [15] was proposed by Paul Hough in 1962 and published as a patent in the USA. Its principle is to convert the detection problem from the image space to the parameter space and find the peak of the accumulator in the parameter space so as to achieve the target detection.
The specific detection algorithm is as follows:
In the image x − y coordinate space, the line passing through point (x j , y j ) is represented by:
Among them, parameter u is the slope, and v is the intercept.
If x j and y j are treated as constants and parameters, u and v are treated as variables, then Eq. (2) can be expressed as:
The other point of (x k , y k ) in the coordinate space also has a corresponding line in the parameter space:
This line intersects the line of point (x j , y j ) in the parameter space at point (u 0 , v 0 ) as shown in Fig. 4 :
It is known that when the slope of a straight line is infinite or nearly infinite, it cannot be expressed in the parameter space, so the polar coordinate system is used next, and the polar coordinate expression is as follows:
Where ρ is the vertical distance from the straight line to the origin and θ is the angle from the x axis to the vertical line. The value range is ±π/2. When θ = 0 ∘ , ρ is equal to the intercept of the x axis. When ±π/2, ρ is the cutoff of the y axis distance.
The point on the line in the x-y plane is mapped to the parameter space as a sinusoid. As shown in Fig. 5c , the line equation can be determined by the intersection of the two sinusoids.
In the actual calculation, the Hough transform builds a two-dimensional accumulative array based on the parameter space by accumulating the curve values in the ρ-θ parameter space [16] . Here, the quantization accuracy of 1 or 0.5 is selected to quantize the variables ρ and θ as the two-dimensional array. The value of each cell represents the number of collinear points in the image. Therefore, the conversion of the straight line parameter is converted to the peak point in the search.
The Hough transform detects lane lines with good self-adaptability. When the lane lines are not continuous, it can still detect the effect very well and has good robustness.
(a) (b) Edge is the most basic feature of the image. Due to grayscale discontinuities and other reasons, differential operators in these places are often relatively large. Therefore, when using such operators for detection, multi-directional differential operators are generally used for processing. The classical Kirsch operator edge detection is to use eight direction templates to detect the image and then select the maximum value as the image edge. However, the computational complexity of processing images through eight detection templates is rather large, and it cannot meet the real-time and effectiveness of detection to some extent. For computational problems, this paper improves and upgrades the classical Kirsch operator, which effectively reduces the amount of computation [17] . The Kirsch operator is a new edge detection algorithm proposed by R. Kirsch. It uses a template in eight different directions to perform convolutional derivation of each pixel in the target image, so as to obtain a complete image edge information [14] . The specific principle is as follows:
Assume that M n (i, j) is the value at (i, j) in the nth filter template, I represents the input image, and I(x, y) represents the pixel value at the point (x, y) in the image. First, design the eight-direction filter template and use these eight templates to filter the target image [18, 19] . Set the filtering value at the point (x, y) obtained by n template filters to be f n (x, y). The value definition is as follows:
where σ represents the filter template 3 × 3 region, i = − 1,0,1; j = − 1,0,1; x = 1,2,...,H; y = 1,2,...W, H, and W respectively represents the height and width of the image I. The largest filter value is:
f max x; y ð Þ ¼ max f 1 x; y ð Þ; f 2 x; y ð Þ; ⋯; f 8 x; y ð Þ f gð7Þ
Then the extreme point image F max can be expressed as follows:
Among them, F(x, y) represents the gray value at the filtered point (x, y). The edge image E is obtained from the extreme point image F max and the preset threshold T, defined as follows:
where E(x, y) denotes the pixel value at (x, y) in image E, when F(x, y) > T, E(x, y) = 1, otherwise E(x, y) = 0. In the actual road image detection, because the lane lines are only in four directions, the four templates are used to filter the target image. The specific template selection is as follows:
The Kirsch operator is composed of eight 3 × 3 window templates, each representing a specific detection [6] . As follows: At this point, according to the classical algorithm, the number of addition operations is P = 7 times, the number (a) (b) (c) of multiplication is M = 2 times, the number of addition in each direction is 7 × 8 = 56 times, and the number of multiplication is 2 × 8 = 16 times. Therefore, for an N × M image, the number of addition operations needed to improve the algorithm is P = 56N 2 times, and the number of multiplication operations is M = 16N 2 times. Suppose that the eight template factors are arranged in a clockwise direction into matrix M, then M is a cyclic matrix, and the value of each row element is shifted to get the value of the next line element [19] [20] [21] [22] . The transformation of M is carried out that:
Through (11) and (12) 
Calculate the number of operations required for (4) P = 7 + 2 × 7 = 21 times, the number of multiplication operations M = 2 times; so for an N × M image, the improved algorithm required to add the number of operations is P = 21N 2 times, multiplication times for the M = 3N 2 times. It can be concluded that the algorithm has reduced the amount of addition and multiplication operations, and it reduces the amount of calculation while improving the effectiveness and real-time performance of the entire system. The improved effect of the algorithm is shown in Fig. 6 :
From the comparison chart, we can see that when the computational complexity of the operator is greatly reduced, it does not affect the detection effect and the edge detection is still good.
Conclusions
The development of intelligent transportation has promoted the research and development of lane line detection. The intelligent development process is also faced with many difficulties and deficiencies. This article is based on these difficulties and deficiencies, analyzes the causes of the line, and detects the edge of the lane line. The basic questions were systematically studied. Through the improved Hough transform and Kirsch operator, the robustness and adaptability of the detection results are enhanced, the redundant information of the operator is reduced, the computational complexity of the algorithm is reduced by the matrix operation, and the detection of lane lines is improved. Speed enhanced real-time. The development of the Internet of Things era will surely promote the development of smart vehicles to achieve new breakthroughs and innovations. We expect smart cars to approach the homes of ordinary people as soon as possible, bringing convenience, safety, and comfort to our lives.
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